Insulin autoantibody is known to cause fluctuation of blood glucose. We examined whether medications for diabetes are risk factors for insulin autoantibody. Especially, we examined the associations between types of insulin and insulin autoantibody. We performed a case-control study. From April 2005 to March 2010, insulin autoantibody was measured 273 times in 217 patients in our hospital. Insulin autoantibody was positive (greater than 10%) 53 times in 19 patients (case), and was negative 220 times in 198 patients (control). Oral hypoglycemic agents were not risk factors for insulin autoantibody; the odds ratio was 0.0. In contrast, insulin use was a significant risk factor for insulin autoantibody; the odds ratio (95% confidence interval) was 56.3 (7.3-432.5). As for the types of insulin and insulin autoantibody, human insulins without protamine were not risk factors; the odds ratio was 0.0. For protamine-containing insulins, the odds ratio and adjusted odds ratio (adjusted by age, gender, and disease: type 1 diabetes mellitus, type 2 diabetes mellitus, and no diabetes) were 35.3 (9.6-129.5) and 29.6 (7.6-115.4), respectively. For Aspart-containing insulins, they were 6.2 (2.2-17.9) and 3.8 (1.2-12.0), respectively. For Glargine, they were 3.2 (0.6-16.7) and 1.3 (0.2-8.3), respectively. To decrease the problem of insulin antibody, avoiding the use of protamine-containing insulins and avoiding the use of human insulin analogues might be preferable for the patients with diabetes.
Introduction
Insulin autoantibody is known to cause fluctuation of blood glucose and insulin injection is one of the risk factors for producing insulin autoantibody. [1] [2] [3] [4] Prior to the 1980s, virtually all patients that used insulin had insulin autoantibody. 3 However, during the 1980s and thereafter, insulin autoantibody was decreased as a consequence of the improvements in the purity of insulin preparations and the development of human insulin. 3, 5 To date, some insulin preparations are supplemented with additives, such as protamine, to make the insulin long-acting. However, protamine-containing insulins can cause production of insulin autoantibody. 6, 7 In addition, after the 1990s, many human insulin analogues with amino acid substitution(s) were developed. However, human insulin analogues can also cause insulin autoantibody production. 8 There have been some studies about the various types of insulin and insulin autoantibody, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] but previous studies have not been comprehensive or focused specific insulins.
In the present study, we examined whether medications for diabetes are risk factors for insulin autoantibody. Especially, we examined the associations between various types of insulin (i.e., human insulins, human insulin analogues, and protamine-containing insulins) and insulin autoantibody by performing a case-control study.
Materials and Methods

Patients and study design
From April 2005 to March 2010, insulin autoantibody (reference range, 0-10%) was measured 273 total times in 217 patients in our hospital. Insulin autoantibody was measured when medical doctors suspect that patients may have insulin autoantibody. In some patients, insulin autoantibody was measured for the purpose of monitoring.
Insulin autoantibody was determined to be positive (greater than 10%) 53 times in 19 patients. These 19 patients were included as the cases in our case-control study. Insulin autoantibody was found to be negative (0-10%) 220 times in 198 patients. We included these 198 patients as the controls for the case-control study. For the case-control study, we listed patients' backgrounds in terms of age, gender, and diabetes [type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), or no diabetes]. In addition, we listed oral hypoglycemic agents (OHAs) and insulins used by patients prior to measuring their levels of insulin autoantibody.
Medications
The medicinal products manufactured by Novo Nordisk Pharma Ltd. (Tokyo, Japan) were as follows: human insulin of regular type was denoted as Insulin R (Novo); human insulin of neutral protamine Hagedorn (NPH) type was denoted as Insulin N (Novo); biphasic insulin composed of 30% Insulin R (Novo) and 70% Insulin N (Novo) was denoted as Insulin 30 (Novo); the human insulin analogue of Pro28Asp, which is a rapid-acting type, was denoted as Aspart; biphasic insulin composed of 30% Aspart and 70% protamine-Aspart was denoted as Aspart 30; and the human insulin analogue of Lys29myristic acid and Thr30None, which is a long-acting type, was denoted as Detemir.
The medicinal products manufactured by Eli Lilly Japan K.K. (Hyogo, Japan) were as follows: human insulin of regular type was denoted as Insulin R (Lilly); human insulin of NPH type was denoted as Insulin N (Lilly); biphasic insulin composed of 30% Insulin R (Lilly) and 70% Insulin N (Lilly) was denoted as Insulin 30 (Lilly); the human insulin analogue of Pro28Lys and Lys29Pro, which is a rapid-acting type, was denoted as LisPro; and biphasic insulin composed of 50% LisPro and 50% protamine-LisPro was denoted as LisPro 50.
The medicinal product manufactured by Sanofi-aventis K.K. (Tokyo, Japan) was the human insulin analogue of Asn21Gly and ThrC-terminalArgArg, which is a long-acting type, and was denoted as Glargine.
All OHAs were summarized as OHAs. Japan). This second generation assay kit uses human recombinant insulin to detect antibody, such that the kit detects human insulin autoantibody. 19 
Insulin autoantibody measurement
Statistical analysis
For continuous variables, Student's unpaired t-tests were performed. For categorical variables, Fisher's exact tests were performed. The odds ratio and its 95% confidence interval (CI) were calculated with the Mantel-Haenszel method. The adjusted odds ratio [(adjusted by age, gender, and disease (T1DM, T2DM, and no diabetes)] and its 95% CI were calculated with logistic regression analysis. Significance was defined as P<0.05 (equal to Odds ratio does not contain 1.0). All statistical procedures were performed with SAS software (SAS Institute Inc., Cary, NC, USA).
Results
The backgrounds of the patients
We performed a case-control study to examine the associations between various diabetesrelated medications and insulin autoantibody. The backgrounds of the patients included in this study are shown in Table 1 . By chance, the ages (P=0.515) and genders (P=1.000) were not significantly different between the case and control groups. In case group, the number of T1DM, T2DM, and no diabetes were 7, 11, and 1, respectively. In control group, the number of T1DM, T2DM, and no diabetes were 23, 140, and 35, respectively. The distribution difference of T1DM, T2DM, and no diabetes was statistically significant between the case and control groups (P=0.011); in case group, patients with diabetes, especially those with T1DM, were predominantly observed. Of the various medications taken by the patients, OHAs were not risk factors for insulin autoantibody; the odds ratio was 0.0. In contrast, insulin use was a significant risk factor for insulin autoantibody; the odds ratio (95% CI) was determined to be 56.3 (7.3-432.5). Based on these results, we subsequently examined the associations between the types of insulin and insulin autoantibody. For the purpose of screening suspected insulins, we investigated the single use of insulin and the combination use of insulin. Then, we examined the associations between suspected insulins and insulin autoantibody.
Single use of insulin
The results of the associations between the types of insulin and insulin autoantibody are summarized in Table 2 . Analysis of single use of insulin (Table 2) revealed that Insulin R (Novo) and Insulin R (Lilly) were not risk fac- tors for insulin autoantibody, as both odds ratios were 0.0. In contrast, both Insulin 30 (Novo) and Insulin 30 (Lilly) were significant risk factors for insulin autoantibody; the odds ratios were 15.9 (4.8-52.8) and infinity, respectively. In addition, Insulin N (Novo) was determined to be a possible risk factor; the odds ratio was 10.9 (0.7-182.4). Based on these results, we deduced that the NPH types of insulin are risk factors for insulin autoantibody. Aspart was not a risk factor for insulin autoantibody, but Aspart 30 was determined to be a significant risk factor and had an odds ratio of 12.9 (2.9-56.9). In summary, all 13 of 13 (100%) insulins that were used prior to the presence of insulin autoantibody were of the protamine-containing type: NPH type or protamine-insulin. These results indicate that protamine-containing insulins are risk factors for insulin autoantibody. LisPro, LisPro 30, Detemir, and Glargine were not risk factors for insulin autoantibody, although the user numbers of these medications were consistently small (less than or equal to 2).
Article
Combination use of insulin
Based on our analysis of the combination use of insulin (Table 3) (Table 2 ) and combination use of insulin (Table 3) , 16 of 18 (88.9%) insulins associated with insulin autoantibody were of the protamine-containing type, and the other 2 (11.1%) were of the type of human insulin analogues: Aspart and Glargine. Therefore, we suspected that protamine-containing insulin, Aspart, and Glargine were associated with insulin autoantibody, and included them in further analyses.
The associations between suspected insulins and insulin autoantibody
As for the insulins implicated in the presence of insulin autoantibody (Table 4) , the odds ratio and adjusted odds ratio for protamine-containing insulin were determined to be 35.3 (9.6-129.5) and 29.6 (7.6-115.4), respectively. The odds and adjusted odds ratios for Aspart-containing insulin (Aspart or Aspart 30) were 6.2 (2.2-17.9) and 3.8 (1.2-12.0), respectively. The odds and adjusted odds ratios for Glargine were 3.2 (0.6-16.7) and 1.3 (0.2-8.3), respectively.
Since 5 of 7 (71.4%) cases of Aspart-containing insulin were Aspart 30, it remained unclear whether insulin autoantibody was derived from Aspart or protamine-Aspart. Thus, we performed a subpopulation analysis that exclu- des patients who had used protamine-containing insulins in order to eliminate the effects of protamine-containing insulins. Then, we evaluated the effects of Aspart and Glargine. These results are summarized in Table 5 . The odds ratio for Aspart was 36.2 (2.9-438.0), whereas the adjusted odds ratio was 74.6 (0.7-7691.1). The odds ratio for Glargine was 47.1 (3.8-584.0), and the adjusted odds ratio was 74.6 (0. 7-7795.2) .
Article
In all population analyses, the ratio of the number of cases/controls was 19/198=0.096 <0.10. In the subpopulation analysis, the ratio of the number of cases/controls was 3/172=0.017<0.10. There fore, the odds ratios calculated in this case-control study are approximate values of risk ratios for insulin autoantibody. 20 
Discussion
In the present study, we showed that insulin injection is a strong risk factor for patients presenting insulin autoantibody. However, human insulins without protamine were not risk factors. As for the suspected insulins, the protamine-containing insulins were strong risk factors. As for Aspart and Glargine, some of the odds ratios were significant but the numbers of these users were small, thus we considered that they are possible risk factors.
In past years, porcine and bovine insulins have been used for treating diabetes, and have led to patient development of many immunological problems, including anaphylaxis and insulin autoantibody. 4 As causes of these problems, impurities or additives in insulin preparations and amino acids substitution(s) among species have been considered, 4 which are further described below.
Impurities and additives
Porcine and bovine insulins are extracted and manufactured from the pancreas tissue of these respective animals. 3 Therefore, various other hormones, such as glucagon, somatostatin, and vasoactive intestinal peptide, have been found to contaminate in these preparations as impurities. 3, 4 Furthermore, various additives have also been used in insulin preparations to make them long-acting; for example, protamine-supplemented insulins are used for this strategy. 3, 4 It has been shown that both impurities and additives can be immunogenic. 3, 4 However, after the appearance of human insulin, the problem of impurity disappeared because human insulin is not made from the human pancreas. On the other hand, the problem of additives still exists. In particular, antibody to protamine in patients treated with protamine-containing insulins has been reported. 6, 7 Further, two such studies have shown that 8 of 9 patients (88.9%) and 4 of 6 patients (66.7%) who were positive for protamine antibody also had insulin antibody. 6, 7 Furthermore, 6 of 15 (40%) patients who were negative for protamine antibody had insulin antibody. 7 In the present study, we also found that protamine-containing insulins were strong risk factors for the presence of insulin autoantibody, which is consistent with the results from the aforementioned reports. Thus, it seems that medical practitioners should choose protamine-free long-acting insulins, such as Detemir or Glargine. The developments of additives other than protamine are awaited to prevent protamine-induced insulin autoantibody.
Amino acid substitutions
There is 1 amino acid difference between human insulin and porcine insulin, whereas there are 3 amino acids that are different between human insulin and bovine insulin. 3, 21 It was reported that 14% of patients who used human insulin had insulin antibody, whereas 29% of patients who used porcine insulin had insulin antibody. 22 In addition, it was shown that the percentage of individuals who remained insulin antibody-free at 12 months was 56% patients treated with human insulin, and 40% patients treated with porcine insulin. 23 It has also been reported that bovine insulin is more immunogenic than porcine insulin. 24 In the United Kingdom, where bovine insulin was predominantly used, the antibody titers of individuals were relatively high compared with those in individuals from Scandinavia, where porcine insulin was predominantly used. 4 Thus, the most immunogenic insulin is apparently bovine insulin, followed by porcine insulin, and then human insulin. These differences in immunogenicity may be due to differences in the numbers of amino acid substitution(s) in the different species.
All human insulin analogues have amino acid substitution(s), therefore, they also can be more immunogenic than human insulin. Some studies have compared the immunogenicity of human insulin analogues to that of human insulin. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In detail, 9 of these studies examined rapid-acting types of insulin, and a single study examined a long-acting type of insulin. In 6 of the 9 studies on rapid-acting types of insulin, all patients received protamine-containing insulins for basal insulin. [9] [10] [11] [12] [13] [14] In the other 3 studies on rapid-acting types of insulin, patients received protamine-containing insulin or ultralente insulin (protaminefree animal insulin). [15] [16] [17] Some of studies reported that human insulin analogues increase insulin antibody, though not statistically significant. 9, 10, 13, 14 Since protamine-containing insulins and animal insulins were risk factors for the presence of insulin autoantibody, [3] [4] [5] [6] [7] 23, 24 we speculate that, in the abovementioned pre- vious studies, 9-17 the effects of protamine-containing insulins and animal insulins on insulin autoantibody may have hidden the effects of human insulin analogues on insulin autoantibody. Indeed, in our present study, the odds ratios for Aspart and Glargine were increased after excluding patients that used protaminecontaining insulin from analysis (Table 5) . In a single study on a long-acting type of insulin (Glargine), 18 no increase of insulin antibody was reported, but further details were not provided.
Article
In the present study, human insulin analogues except Aspart and Glargine were not risk factors. However, since the numbers of users for human insulin analogues except Aspart and Glargine were small, significant effects for insulin autoantibody may have been missed because of the insufficient power.
Recommended therapeutic strategy for prevention of insulin autoantibody
Based on the present study, the following therapeutic strategies may be preferable for preventing insulin autoantibody. For T1DM patients, human insulin of regular type (t.i.d.) and human insulin analogues of the longacting type (v.d.S.) may be preferable. These prescriptions do not include protamine-containing insulins. For T2DM patients, diet, exercise, and OHAs should be used as much as possible to avoid using insulin. When T2DM patients must use insulin, the same insulins described above for T1DM may be preferable.
The limitations in the present study
The limitations in the present study are as follows. First, the number of patients with insulin autoantibody is 19. The results of the present study therefore may not reproducible. Second, the present study includes biases that observed in case-control study. A prospective study, such as cohort study will be preferable. Third, the patients in the present study are Japanese; therefore, the generalization of the results to other population is not verified. Further studies will be required to examine the associations between the types of insulin and insulin autoantibody in other population.
Conclusions
After the 1980s, the presence of insulin autoantibody was decreased as a consequence of improvements in the purity of insulin preparations and the development of human insulin. However, the present study indicates that both additives and amino acids substitution(s) may lead to the presence of insulin autoantibody; the problems of immunogenicity of insulin preparations still exist to date. To decrease the problem of insulin antibody, avoiding the use of protamine-containing insulins and avoiding the use of human insulin analogues might be preferable for the patients with diabetes.
